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Introducticn

The sdvent of directed energy weapons (IFUHs) has brought a hust of nev
tactical and training challenges. One potential BEW Is a low power laver which
could jas elacto-optical systems at tactical ranues and flashtlind or
peinanently blind scldiers st closer ranges. & laser weapan could bliwd an
individual looking through & direct view optic, such as a TM'W sight, with
virtually no damage Lo the comhat potential «f the vehiele, This is a ratler
unique pheavsena of DEWs. DPrior to LEVS only cleslial wea,uns were capeble of
fntlicting casualties with littic or no dusay: to the vwhicle. ULher weapons
would have had to desiroy or signiiicantly daway¢ @ vehicle curonte to injuring
the persnnnel inside, Howurer, « ®ajor affterinic betwve. clwwical wioapons and
lascrs is that chemical weapons affect «ll i, rutected s dvidual s tp .he
vehicle equally <hile lasers injure unly tiw civw enbers directly coxp-sed to
it.

Thus, in lascr combat there will be & nuabur of fully tunctioning vinicles
with injured personne! filling critical positions, while at Lthe sane time there
# v be uninjured personnel in the vehicle.

Anuther aspect of a laser injury widch ir In=tand 1 viaohic U0, Fs that
it will be relatively painleus and sensory dilflitating enly; tle:e wis: bLe no
uced for fomediate first sid beyond removiog the individual frea o h 2ardousy
pusition and making him comfurtabice. 7This would illue vafujured peronngd
1zaediately Lo assume the cumbut podition of the weunded soldies.  'he Lot
significant danger of a laser injury would be that the soldier afult panie and
art counterproductively {n the mfdst of a crinis, thus endanyering hiwself and
his ctevmates.

This fmplies the need for sceveral Lrvinte;, constderatfons revar o dasoer
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conbat. First is the naed for more crogstraining of crew wmembers., Crew members
usually ageigned to lower priovity tasks will have to be trained in higher
priority tasks, ¢.g. lvader-gunner, invantrytas~driver to allow the vehicle crew
to maintain its conbat cffscriveness. Secondly, soldiars will have to learn to

- exchange places with ene another quickly in order to minimize their -

vulnerabllity in combat and enrance their mission capability. Finally, there is
a necd to desensitize troops to L:Ws and DEW-type injuries to prevent panic.

! Tue pupose of this pllot study wes ta: (&) ascertain the approxinata
downtime of thoe M2 Bradley Infantry Fight',« Cehicle (BIFV) when cricical crew
menbers are injured; (b) determine i{ practice in exchanginy places with
sinulated crew injucies can reduce the downzime; (c) monitor the psycholrpgical

. reactions of the troops to DEWs; (d) determine whather this direccion of
training research and development holds prouise of meaningful performance

payoffs given addictional time and resources.

Method
A Bradley squad consiscing cf the M2 vechicle and nine crew nembers: a

Bradley cozmander (IC) and gunner in the turret, a driver, and 2ix infantry nen

t

sitting in the troop coupartment who would serve as test subjects. 7Two such
squads were tested individually.

For the purposes of this study the BC, gunner, and the driver were

designated as critical crew wmembers who would have to be replaced if they became
DE casualities. There are seven different possible combinations of casualities,
given the three cricical crew positions, which are:

1. Driver only

2. BC only

3. Gunner only

4. Driver, BC, and gunner.

5. Driver and RC
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6. BC and gunner

7. Driver and gunncr

COMMARDER'S SEAT

GUNNER'S SEAT /ssm' NO. 9
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Figure 1. Scating in BIFV.

The experiment used eight soldiers in MOPP gear in a fully loaded Bradley
woving at combat spceds over a fleld. One experimenter rode in the vahicle in
the nunmber eight position as an observer. A second experimenter, stationed at a
radio in the field, acted as a tinckeepper and experiment controller. The BC,
driver, and gunner were allowed tn remove thelr protective masks to enable then
to hear the controller.

Two different squads were utilized on subscquent days. The first day’s
gquad was instructed not to discuss the purpose or nature of the excrcise in
order to linit any inadvertent (learning) by the other squad. Both squads were
from Ft. Benning”s resident Bradley support company and were experienced with
the BIFV but none of the troops had any previous exposure to DEWS.

Experiment I Procedure:

The driving course to be traversed during the experiment was on the
perimeter of a relatively flat field with one sharp slope of approximately 30 ;

3
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degrees and five feot in height. There was one straightaway of approxioately

Y
S
246 m and anothor of approxiwmately 187 m., Figure 2 is a map of che course,
This course allowed acceleration to combat speeds during the straightaways
. followed by braking for violent left turns. The slope of the field, the
. constantly changing speeds, and the frequent sharp turns produceéd a rough ride -
which simulated s combat assualt.
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Figure 2. Experimental Course (approximate distances.)
sach crew was brisefed on ciie purpose of the excrcise: determination of the

potential effects of a laser attack on a Bradley crew’s performance. The crews

were informed that in the future lasers could be used as wcapons against them in

combat. Injury from such a laser weapon would not causec pain but its bdblinding

effects could be anyching from an instantancous flashblinding to a permanent
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blinding and everything in-between. For the purpose of this drill they were
instructed to agsumsc that once they were told they were hit, they were to
pratend they were blinded but cthey weuld fe L v» pain. Also they were not to
recover until the end of each trial. To cnsure compliance each victim vas
{ssued a pillow case and as soon as he was declared “blinded™ he im=zedlataly
covered his head., Finally, crews were informad that although such laser
injuries could occur to just one cvew member or a combination of crewv members,
for this exevcise only the driver, BC, and gunner would be casualties. Befors
tescing began the crews were encouraped to nake prelinminary contingancy plans
regarding rveplacing the three potential casualties.

For each trial chese procedures were followed:

1. The crew was infermed in advancad, in parc ax a safaty precaution; of
the intended victim. Noninjured persoanel ware {nstructed to ignore the radio
transnission when the controller informed the victim he was blinded. The crew
was to carry-on witk {ts duties until advised by the victin of his fnjury.

2. The vehicle accelerated to combat speed and the turret was put in the
threa or nine o”clock position in relationship to the front of the vehicle being
in the 12 o”clock position;

3. The external controller announced on the radio to the victim that he was
injured.

4. The victim fmmediately pulled the pillow case over his head and
attempted to communicate to nthers that he was bdlinded.

S. As soon as there was any external cvidence of an {njury timing began.
Time gtarted for the B or the gunner as soon as the turvet began to swing to
the 12 o“clock position o exit the injurcd party. 1In a Bradley the main gun
tube must be oriented forward to align the turret wicth the exit doors to the

troop compartment interior. In the case of the driver, time started as soon as

the vehicle began to slow down. When there was a combination of injuries to the
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driver and turret personnel, whichaver of the above two occured first was the g

signal to start timing. S

6. Timing stopped when the vehicle began to regain speed or when the zun !g

turret was reoviented to the orpinal position with the appropriate new crew §
meaber{s) in place. Wirh an injury ro the driver and one other, tha times of " Ei

: both events were noted. Such timing rules were usad because these accions are a
what would be evident to an cnemy who has lased a Bradley. The enemy would not t;

know {f he had been successful until there vas some cutside evidence of it. gi
Experizent 11 Procedure: !
Experiment 1I was a scationary exercise designed to ascertain the relative {;
contribution of vahicle movement on BC and gunner replacesent times. If %

. exchanging places while the vehicle was scopped was signifcantly faster than i

wifle Lt was moving, it might be cxpedient to completely stop the vehicle to R
replace injured personnel rather than to actempt to do it while the vehicle is
soving.

The same procedures were used in Experiment I except that ths vehicle
remained stactionary and therefore the driver did not participate.

Experiment 1I1 Procedure:

LK

In combat therc may be times when it would be better to verbally guide a

e
R oy ]

blinded driver to drive to a defilade position instecad of bringing the vehicle

v
"3

RIEIT &S unen v aesnsa) A SRS S me " Al ity M

to a halt while exposed to hostile fire in order to replace the injured driver.
This expericent was designed to asertain how well a EC could guide a blinded
driver through a course to a defilade position. The findings from this
experiasent could help deteraine the relative vulnerability between an immediate
switch of drivers (in an cxposed location) as opposed zo the BC attempting to
gulde an injured driver to move the vehicle to defilade.

Figure 3 is a dlagram of the Drive to Defilade Course. The vehicle was

accelerated through the straightaway and rhe driver was “blinded”. He

'I
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fomediately pulled a pillow case over his head and tining was scarted. Timing

stoppad when the vehicle reached the defilade position.

¥inggi 77 fn—————ei
SE O e v
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mall (:> \
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Dricer Whiaded 31 tiutw e, Yound e a
!

— X —>» - - 1
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Figure 3. Drive to Defilade Course (approximate distance).

Experimant IV Procedure:

As the driver space was the most cramped position, physical size of the
soldiers may have been a significant factor influencing the specd of exchange.
This experiment attempted to ascertain the cifects of the size of the drivers on
the speed of the exchange.

Theee diffarent scts of drivers wera used: (a) experienced drivers, those

who participated in Experiment I (these were of average size); (b) large size,

L e . ®

{nexperienced drivers, (67°8°/268 1bs and 5711"/170 lhs); and (c) average size,

"_

P

bl
“

fnexperienced drivers, (57117/146 1lbs and 579"/160 1bs).

In this cxperiment the vehicle remained stationary and the driver”s hatch

Bl DX DOVMIION

Iy

was open to allow the experimenter to observe and time the exchange. The

drivers were instructed to make exchanges as quickly as they could.
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Results of Experismcents I-1V:

Table 1 shows the results of Experiment I, downtime of the test BIFV.
Table 1

Times of Cricical Tosition Exchange While Vehicle is Movin~

Squad 1 Squad 2

Casualcey Trial } Trial 2 Trial 1 Trial 2
{in roecnds)

Y T oA K A X N NG N X% . . S Y - |
. .

. Driver 20 13 30 22
BC a 25 42 16
Gunner 50 2?5 37 23
Driver, BC & Guanex 1/ 10/42 7/52 e
Priver, BC 16/38 15/28 23/23 e
BC, Gunner 77 50 49 e
Driver, Gunner a 13/23 12/18 e
BLost data

bTenpotnry loss of turret power

Cyehicle bepan to regain speed
dTurtct was reoriented

€yehicle deadlined

It was orginally planned to have the squuds complete three iterations of the
drills. Unfortunately, due to scheduling and vehicle maintenance difficulties,

all ifterations were not collected. One crew participated in two iterations

before the vehicle broke down and the one crew completed 1-1/2 iterations before

|
%
|
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. ;ﬂ. vehicle was deadlined due to a faulty turret ahield door.
Table | shevs the prelisimary {udications of faproved performance froa the
fivet to secead trial in both squads. Also iU rimuld le suted that tha | /
driver-only perforsances are gencrally slosie than When the driver was injured 1
10 conbination with another critical crew weaber. This is due to the fact that
. tining stavrted immwdistely wvhea the driver was blindg ul&m. In the
~vnbination conditicus, huwever, the driver wan atle tu rebet carly hecavse
tining was not begun watil the turret befan to tutite.
Table 2 shove the results of Lzpertment li, ~tallonary exchanpe .f turttet

petecanel,

Table 2
Jines of BC & Cumner Exchange While Vehicle Is hiuitionery

e mue —

frial (4a necond)

Lasvalty Ing 2ad
Cutner 20 27
BC & Gunner 40 35

L

wTh: Sjuad 2 did not do Experiment 11 due tu a deadlined vehiele,

As e>pected turret perzonnel cachange was yencrally jaster shen tie vohicle
was stotionary compared to when it was movint (see Iable 1 »u 1ah)e #) ‘ut this
diffegence vas nut preat.

lable 3 shuws the resulta of Lxperfrent 111, difvee to delllade,

Lenerally, drivers vere able to cover the da s course uebug ~i: Wt o Lalt

the time 1t required them when they were blaadhia, Ay toe aqeat Voartver emddd !
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hie sirat trial with one set Of St ks G0 Lop Wl the dirt mound. In the
following two trials he was very cauiluus and therefore had auch slover tises

then the Squad 2 driver.

Table 3

prive to Defilade Course Completiun Tlow

Blindeg H/vision

Telel st nd 31d Tst 7nd
{in seconna)

Squad 18 87 123 1Y 62 33

Squad 2 62 5¢ L} ¢ ¢

Ssquid | driver ves cxcessively cautivus un frafls 2 & 3 tecausc ruded on dirt
wnnt on Trafl |

fable 4 shows the results of Experiment IV, the cfioct of Jdriver rize.

The size of the drivers appears to make little difference after wume
practice in the apeed of driver replacument, The fnexperienced average %jze
drivers took much longer om trafls | and 3 thau the large slav drivers because

their clothing or equipment during those trials Locane Bnay cd.

Capy avoilable to DTIC does not
Soumit fuby Jogible reproduction
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Table 4

Tines of Driver Exchanpe While Vehicle is Stationary?®

Trial -
Drivers 1 2 3 4
. (in scconds)

1
b
Practiced” 1w 16 - - ;\
Inexperienced oy
Large Size 2% 21 21 .l
Incxparicnced t§
\
. Average Siza g 21 26 19 :

#squad 2 only

bnrlvers who participated in Experiment 1

“®
»

Discussion

.-
- e

No quantitative anyalysis of the above data was attempted because this was
a pllot study and stringent experimental controls were not possible,

These times should be considered the lower limit of the performance
potential for such excrcises. These drills were held under optimal conditions
and despite instructions to ignore the radio transmissions from the controller,
other crew members could hear the controller. Thus they could prepare to take
action before they were advised by the victim to do so. In additon, there was
no competition for the crew”s attention. They did not have other comvat=-related
tasks to perform while participating in the experiment. Further, the noise
level in the vehicle did not simulate combat conditions. There was litile radio
traffic no concern about potentiul threats, and no weapons firing. All of these

11
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factors would make it wore difficult for a victim under real combat conditions
to communicate tho fact that he was injured. Nevertheless, some preliminary
perforamgncs differenacs trend way be too stivng given 2 data points can
legituately be noted and there woers a number of lessons learned.

The results suggest that improvemencs in crew performancas can be expected
afrar just a few practice triais. A simple training program with notentizlly

few sessions could preduce asympetotic performance. This appruach to training i=

- N iad e o

lcw cost and might reasonably provide high payoff in terms of sustained crew

combat parformance.

:
W]
5]
v,
+
i
.

There was also a qualitative improvement of the techniques used by the crew
members to assist injured personnel during the drills. For example, when the
injured tuvret parsonnel initially exited the vehicle, they felt around to
orient thamselves., This sometines involved hitting their heads agalnsgt
obstacies and tripping over items as the vehicle moved. By the end of the
exercise, one squad developed a technique where an uninjured crew member would

place onc hand on top of the victim”s helmet, and grip the front of his shirc,

and guide the victim directly to his scat. All the casualty had to do was relax

and follow the lead of his fellow crow member. In the case of an injured BC,

the guide connected the commanders CVC intercom immediately so the wounded BC
could communicate with the assistant squad leader. Such proccdures were

spontancous and proved very efficient,
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An unexpected finding was that the driver exchange was faster than the
turret personnel exchange. It was orginally hypothesized that since the
driver”s area was so cramped it would take longer for this casualty evacuation, |
but this was not the case. The turret evacuation times were longer in part
because the turret had to be reoriented for personnel to exit. This was
especially difficult when both the gunner and the BC were blinded because othen

cirew members had to yell through the turret shield door and instruct those
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inside to rotate the turret to the correct exit position. This provad difficult
on occasion because thexre are no markings on the interior of the troop

coapartment of the Bradley to indicate the current turrst orientation to the

crow compartmant members. Consequently, on a few ixisly, crew ucmbers save
instructions to rotate the turret the “long way around”. Some distinctive
. sarkings which can be gzecn from the crew compartment would alleviate the turret

orientation problem.

Victims also uaed several phrases to indicate they were wounded: "I have

- w8 B B,

been blinded”, "I have been hit", "I can”t see™, "I”ve been lased”, "1 have been

zapped™. Of all of these, the tern “zppped” appeared to have the most urility.

Ve T

Zapped unambiguously and succinctly denotes a particular type of injury. All
soldiers in cthis experiment appeared te instantly know what is meant by this
tera. It is importanc to differcntiate botweed laser blinding and a blinding
causcd by conventional weapons because different counteractions are indicated
for each type of injury. Statements such as, "I can”t sce” could be interpreted
to mean a person”s vision was blocked by an obstacle or that the casualty was
wounded by a conventional munition. In such cases other craw meabers may be
terzpted to offer assistance by looking in the same directicn. This would not be
the appropriate action in a laser environment because it would put the uninjured
crew member in jeopardy. Secondly, the word "zapped” has a very distinctive
sound which 15 not likely to be misunderstood for other words over the interconm.
This is important because frequently there is a high blocking noise to sound
ratio in the Bradley intefcom system,

The vresults from Experiment 1 and Experiment II tentatively suggest that

vehicle movement only slightly lengthens the time it takes to evacuate the
turret causalties. The rimes of the turret personnel exchanges in Table 1 are
little longer than the times in Table 2. Therefore 1f az injury occurs, it

would appear to be better to continue movement while mz»ing an exchange. This
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would cost a {aw cxtra scconds but the vechicle could remain moving, therefore

-

decreasing ics vuluerability. Tt would also give less feedback to enemy DEW
auancrs becauwse they would not know Lf they had completed a successiul attack.
The datoe from Tabla 3 indicates that Lt took almost twice as long for a
blinded driver to be guided to a defilade position than for a sighted driver to
. travel the same distznce with sight. This suggests that {f a driver was

J wounded, it prolably would put the crew in less jeopardy Lf he were immedintely

W

replaced by another driver than to acteupt to verbally guide him to a def{lade
posicien.

Another fssue arises fron this rccommendation which requires further

£ Lo cm gl

consideration. When the drivers make an izmediate exchange, the BC is taken out

of the decision loop. Theve may be some circumstances when th2 commander may
not want do this. However, bringing the BC inte the decision process will also

increase the dowatime of the vechicle. Additional research is nrecded to

detcraine the relative cost/bencfits of introducing the BC in the decision loop.
An observacion not reflected in the data is the difficulty of the BC to
verbally guide the blindad driver. This was especially obvious afzar ahsut 30
seconds into the exercise as the BC pot increasingly excited and gave the driver
ambiguous instructions, e¢.g. "Turn now!, Turn now!"” without indicating which
direction to turn or how large of a turn was necded. Goordination between the
driver and BC could certainly improve with some practice.
The findings from Experiment IV suggest that the driver”s sizes and his
. replacement do not appear to have a significant effect on the speed of a driver
exchange. There was only a small difference betwesn the large and small driver
exchange in this pilot test. The longest delays in the exchange of positions

were due to articles of clothing getting snagged on equipment.

Some comments about the soldier”s rcactions to this experiment are

appropriate at this point. Most had never participated in any crew extraction
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drills previously and 31l agreed sueh drills should be part of tralaing even

Lot ol & & s

independent of a laser cthreas,

> oA

Sccondly, there appeared to be a ghift fu their attitude towards DEWs.
This is a subjective observation that should to verificd by more detalled
earirical research. However, when both crews were inftially briefed as to the
purpose of the experiment and to the poseibllity of confronting a threat laser
weapin ia combat, they appeared to be quite serious. They listenad very
attentively, made few jokes, and anked faw quegcions. When the experiment began
they also had some difficulty announcing that they were “blinded". There was

songe hesitatiop in their voices and a struggle to choose the right woxds. )
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However by the time rhe coxereice was completed the soldiers appcared to be much

zore coufortable with the reality of laser weapons. The troops were freely

} talking about lasers and laser capabilities. Occasionxly there were some jokes
i
% about lasers, but they no longer struggled to announce they were “blinded".

They were able to participate in this exercise as they would {n other
conventional weapon exercises. It is the author”s opinion that the free talking
and jokes about lasers arc evidence that the soldiers were psychologically
assimilating the reality of DEWs.

Certainly, much of the above could be explained by non-DEW factors, such as
this was an experiment with “scientific” observers and the troops were initially
uncomfortabl: in that situation. Still it is hard to believe that some
psychological desensitization did not occur as well. This assertion will have
to be verified by additional empirical research. Lasers are shocking weapons
and the thought of being blinded can be terrifying, but so are many other
weapons and related battlefield injuries. Soldiers have been trained to fight
against machineguns, tanks, and chemical weapons witheout panic. There is no
reasoa to believe the same would not be true of lasers given a proper training

program. Drills such as these could go a long way in psychologically preparing
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. .
soldiers to respond efficiently in a DE conmbat environment.
Conclusions
This research sugpests that practicing extraction procedures could reduce
$ . the down time of a M2 craw under laser actack. Xt alio suggests the term
“"zapped” has utility and can communicate a very specific type of injury

. requiring & specific crew response; that is, injured crew members would be

A

extracted while the remaining sighted members would coxercise caution regarding
sights and viewing ports, Further, this research indicates some decision rules
can be developed regarding the most apprapriate response to a laser attack.
Finally, thetre appeared to be sone reduction in the anxiety level of the troops
regarding DEWs after they parcicipated {n this study.

HMuch addicional rescarch necds to Lo conducted regavding the training of
tactical responscs to DEW attacks. First of all, the same study with a larger
apople sive and batter exporimental controls is needed to verify the iLinited
findings noted in &his study. Secondly, crew drills for other vehicles need to
be developed and specific decision matrices established. ‘The findings from this
study may not generalize bayond the M2. For example, based on the results of
this pilot study it appecars better to immediately remove an injured driver
rather than te verbally guide him to defilade in an M2; the same may not be true
in an Ml tank. Also this research involved onc squad in almost ideal conditions
of lsolation. There may be other tactlcs at the platoon or company level that
should be explored. Another question that nceds investigation is the effects of
having the BC introduced into the decision loop before driver exchange is
executed., Further, only a few of the crew members were injured in this drill
and there are other potential casualty combinations which should be tested as
well. There is the need to explore what happens while the Bradley fights in a
defensive position, during an attack, and when the infantry element dismounts.

Different ways to generate dust clouds as a countermeasure against lasers would
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also be frulcful research.

DERs have brought a new dimension vo tihe sodern batcleficld and have
necessitited a conplete raview of how the Aray wiil {ight the next war. This
{nvelvas all levals of Ammy preparation from Army 21 to how troops should
dismount a vehicle {n combat. Certainly some of the solutions to this nev
challange will come from the materiel development community in the form of
counterceasure devices, Howaver, the contributions of tha cateriel developers
vill not be total; the remainder of the challenge must be placed on the user
cozaunity (TRADOC and FORSCOM) to develop tactics and training to coximize the
contributions of the materiel developers and to adjust conventional tactics and
training to fight a DEW war. Resesrch regarding DEWs affecting weapon systems
under different tactical condicions nceds to be completed to identify the best
possible tactical countermeasures. As these countermcausres are identified they
should be incorporated into soldicr training as soon as possible. The materiel
devoiopers have already been working on these issues and it is now time for the

user connunity to pet involved as well.,
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